Abstract Dietary calorie restriction and exercise promote weight loss and may have additive effects for improving insulin sensitivity, independent of weight loss. It is not known if these effects are attributable to changes in circulating cytokines. We evaluated the hypothesis that modest, matched weight loss induced by calorie restriction and exercise have additive effects on circulating cytokines and these changes correlate with improvements in insulin sensitivity. Overweight and sedentary women and men (n = 52, 45-65 years) were randomized to undergo 7 % weight loss by using 3-6 months of calorie restriction, exercise, or a combination of both calorie restriction and exercise. Concentrations of cytokines and hormones were measured in fasting and oral glucose tolerance test blood samples. Insulin sensitivity was estimated based on oral glucose tolerance test for glucose and insulin. With all groups combined, fasting leptin (p < 0.0001) and high molecular weight adiponectin (p = 0.04) decreased and pentraxin-3 increased (p < 0.0001), in a manner that correlated with improvements in insulin sensitivity (all p ≤ 0.0002). These changes, combined with decreases in glucose-dependent insulinotropic polypeptide from the oral glucose tolerance test, explained 63 % of the variance (p < 0.0001) in insulin sensitivity improvements. Exercise and calorie restriction had additive effects on leptin, with a similar trend for high molecular weight adiponectin. Monocyte chemoattractant protein-1 and C-reactive protein concentrations did not change. Calorie restriction and exercise had opposite effects on soluble tumor necrosis factor receptor-1. Modest weight loss in overweight adults decreases serum leptin and high molecular weight adiponectin, and increases pentraxin-3 concentrations in a manner that correlates with increased insulin sensitivity. Exercise has additive effects to those induced by calorie restriction for reductions in leptin and possibly adiponectin. These changes may contribute to the additive effects of calorie restriction and exercise for improving insulin sensitivity.
Introduction
Weight loss improves insulin action and reduces the risk of developing type 2 diabetes in overweight and obese individuals [1] . When obese individuals undergo major weight loss, changes in circulating cytokines may contribute to these beneficial effects [2] . Although more modest weight loss in less severe states of adiposity (i.e., overweight) also improves insulin action [3] , the role of circulating cytokines in these adaptations is not clear. Furthermore, although dietary calorie restriction (CR) and exercise (EX) are both recommended for weight management and diabetes prevention [4] , their independent and additive effects on circulating cytokines is not known.
The purpose of this study was to evaluate the effects of matched, modest (7 %) weight loss, induced by CR, endurance EX training, or both CR and EX (CREX) on circulating cytokines, and to evaluate the association of cytokine changes with improvements in insulin sensitivity. We previously reported the insulin sensitivity data, which showed two-fold greater increases from CREX, as compared to the same magnitude weight loss using either CR or EX alone [5] . For the present study we hypothesized that CR and EX also have additive effects on circulating cytokines and that these changes partly explain the additive effects of CR and EX on insulin sensitivity.
Materials and methods

Subjects
Healthy men and postmenopausal women were recruited by using local advertisements. Eligible participants were overweight (BMI 25.0-29.9 kg/m 2 ) and weight stable (<3 % weight change over 6 months), 45-65 years of age, and did not EX regularly (defined as ≥20 min/session and ≥3 days/week). A medical screening, including ECG stress test, was used to identify and exclude individuals with major chronic diseases and conditions that would be contraindicated and/or interfere with EX. Use of medications to control blood glucose was exclusionary. For other medications, stable dosages were required for ≥6 months prior to baseline testing and the participants were advised to maintain stable dosages during the study. Additional details about medical screening have been published previously [5] . The study was approved by the Institutional Review Boards at Saint Louis University and Washington University. Written informed consent was obtained from each subject. The trial was registered at ClinicalTrials.gov (identifier: NCT00777621).
Study design and randomization
Subjects were randomized, with stratification for sex, to CR, EX, or a combination of both (CREX). The allocation ratio was initially 1:1:1 but later revised to 2:2:1 to compensate for more withdrawals from CR and EX. Outcomes were assessed at baseline and after a 2-week weight stability period at the end of the intervention.
Interventions
The interventions were designed to reduce body weight by 6-8 % over 12-14 weeks. The duration was adjusted as needed for participants to reach the weight loss goal. The energy deficit goal was equal to 20 % of baseline total energy expenditure (TEE) and energy intake, which was evaluated as described previously [5] . Diet and EX prescriptions were adjusted periodically to achieve the targeted rate of weight loss. After the active weight loss portion of the study, the diet and EX prescriptions were adjusted to stabilize body weight (≤0.5 kg change in 3-day rolling average weight) for ≥2 weeks before follow-up testing. The participants recorded daily fasted morning body weights at home and visited our facility each week for weigh-ins, to turn in home weight logs, and for other intervention-specific requirements.
Calorie restriction
The CR intervention was designed to reduce energy intake by 20 % and not change physical activity. Participants attended weekly one-on-one meetings for dietary counseling. Personalized recommendations were based on 3-day food diaries, which were recorded weekly for 3 weeks and periodically thereafter. The intervention strategy was to reduce portion sizes and to replace high energy density foods with lower energy density foods. The goals for macronutrient balance were consistent with recommendations [6] . As needed to promote intervention compliance, weeklong periods of full food provision were implemented.
EX intervention
The EX intervention goal was to use EX to increase TEE by 20 %, while not changing energy intake. The types of EX included cardiovascular EX and functional physical activities (e.g., active transportation). Weekly EX energy expenditure prescriptions were calculated as described elsewhere [3] . Heart rate (HR) monitors (Polar, Kempele, Finland) were used to monitor EX energy expenditure and other EX metrics, which were retrieved from the monitors by study personnel during weekly meetings. EX frequency and intensity prescriptions were not provided but participants were encouraged to EX daily and to use moderateintensity and high-intensity EX to maximize energy expenditure. Access to the on-campus EX facilities was provided; however, participants were encouraged to EX outdoors, at home, and at other convenient locations.
CR + EX intervention
The goal in the CREX intervention was create a 20 % energy deficit by using CR and EX with each contributing to half of the total energy deficit.
Body weight and composition
Fasted, gowned body weight was measured on two mornings and averaged. Stature was measured without shoes and using a wall-mounted stadiometer. Body composition was measured by using dual-energy X-ray absorptiometry (Lunar iDXA, software version 13.31, GE Healthcare, Madison, WI).
Intervention compliance (energy intake and expenditure)
Energy intake and expenditure were evaluated at baseline and just prior to the weight stability period at the end of the intervention. Energy intake was quantified by using 3-day food diaries (2 weekdays and 1 weekend day) and nutrient analyses (Food Processor SQL, ESHA Research, Inc., Salem, OR). Physical activity recall interviews (modified Stanford 7-day PAR [7] ) and accelerometry (RT3 triaxial accelerometers, StayHealthy, Inc., Monrovia, CA) were used to estimate TEE. Physical activity recall and accelerometry results were averaged.
Aerobic capacity
Maximal oxygen uptake (VO 2 max) was measured with indirect calorimetry (MedGraphics CardiO2; Medical Graphics Corporation, St. Paul, MN) during a graded treadmill test to exhaustion (modified Balke protocol).
Blood collection and analyses
After an overnight fast and between 5:00 and 9:00 am (just prior to the oral glucose tolerance test (OGTT) described below), venous blood was collected from an arm vein. Serum was isolated by using centrifugation and stored at −80°C for later batch analyses of baseline and follow-up samples. Cytokine and dipeptidyl peptidase-IV (DPP-IV) concentrations were measured by using enzyme-linked immunosorbent assay (ELISA) assays with commercially available reagents (R&D Systems, Minneapolis, MN). Samples were run in duplicate; if the coefficient of variation for duplicates was >10 %, the sample was re-analyzed. Leptin was measured as a sensor of adipose tissue energy status and because it may induce adiponectin [8] . Total and high molecular weight (HMW) adiponectin were measured because of their effects on insulin sensitivity [9, 10] . Monocyte chemoattractant protein-1 (MCP-1) was measured as a marker of adipose tissue inflammation [11] . Pentraxin-3 is an acute phase protein secreted by adipose and other tissues; its circulating concentrations increase with weight loss [12] and EX training [13] , and may be correlated with adiponectin [12] . C-reactive protein (CRP) was measured as a marker of systemic inflammation. The soluble tumor necrosis factor receptor-1 (sTNFR1) was measured as a marker of tumor necrosis factor (TNF) system activity.
OGTTs were performed after an overnight fast and were initiated between 5:00 and 9:00 am. For 81 % of the participants, the time of day for the baseline and follow-up tests did not differ by more than 2 h. As recommended by the World Health Organization [14] and American Diabetes Association [15] for OGTT preparation, the participants were advised to consume ≥150 g/d carbohydrate for 3 days prior to the OGTT. Based on the carbohydrate intake data from the 3-day food diaries, this did not represent an increase in habitual carbohydrate intake at baseline or follow-up. For follow-up testing, EX and CREX group participants continued EX until the day before testing. Venous blood was collected before and 10, 20, 30, 60, 90, and 120 min after a 75-g oral glucose load. Samples to be analyzed for incretin hormones (glucagon-like peptide 1, GLP-1; and glucose-dependent insulinotropic polypeptide, GIP) were collected into tubes containing a DPP-IV inhibitor (DPP4-010; Millipore, Billerica, MA) to prevent the degradation of active forms of GLP-1 and GIP. Plasma was isolated by centrifugation and glucose concentrations were analyzed immediately with an automated analyzer (2300 Stat Plus; YSI Inc, Yellow Springs, OH). Additional plasma and serum was stored at −80°C for later batch analysis of baseline and follow-up samples for insulin concentrations (IMMULITE Chemiluminescence Kit; Diagnostics Products Corporation, Los Angeles, CA), and the active forms of GLP-1 (7-36 and 7-37 amides) and GIP (1-42 amide) (ELISA assay kits from IBL International, Toronto, ON, Canada). Glucose, insulin, GLP-1, and GIP total areas under the curve (AUCs) were calculated by using the trapezoidal rule [16] . Insulin sensitivity index (ISI) was calculated as described by Matsuda and DeFronzo [17] and Stumvoll [18] .
Statistical analyses
Statistical analyses included data from subjects who provided follow-up data and were adherent to the intervention (lack of adherence was defined as <1 % weight loss). Among-group comparisons of participant characteristics were performed with Fisher's exact tests and analysis of variances (ANOVAs). Outcomes were analyzed by using analysis of covariance (ANCOVA), in which the study group was the independent variable, change in the outcome was the dependent variable, and the baseline value was included as a covariate. Post hoc comparisons were performed using the protected f-test principle and least significant difference tests. Baseline-adjusted means were used to evaluate the significance of within-group changes.
Bivariate associations were evaluated with Pearson correlations. Multivariate analyses used the forward selection method.
All tests were two-tailed with p ≤ 0.05 considered significant. Data are presented as arithmetic means ± SE except for mean change values, which were adjusted for baseline values. Analyses were performed using SAS for Windows (version 9.3, SAS Institute Inc., Cary, NC).
Results
Participants
Sixty-nine men and women enrolled, underwent baseline testing, and were randomized. Twelve participants withdrew before providing follow-up data; five participants were non-adherent (weight loss range: 0.5 % loss to 1.3 % gain). Therefore, the analyses for the present report are based on data from 52 participants. Demographic and baseline characteristics did not differ between groups (Table 1) . Baseline BMI was in the middle of the overweight range. Body fat percentage was~45 % for women and~35 % for men (Table 1) . Based on fasting and 2-h OGTT plasma glucose values and hemoglobin A1C levels, 54 % (n = 28) of the participants were classified as having prediabetes and 6 % (n = 3) had provisional diabetes; these frequencies did not differ among groups (p = 1.00 and p = 0.51, respectively).
Intervention compliance
Energy intake, energy expenditure, and VO2max data have been reported previously as indicators of intervention compliance [5] . Energy intake decreased in the CR (−32 ± 4 %, p < 0.0001) and CREX (−27 ± 4 %, p < 0.0001) groups and remained unchanged in the EX group (−7 ± 4 %, p = 0.11) (among-group p = 0.0002). Net EX energy expenditure was 412 ± 26 kcal/d in the EX group and 217 ± 23 kcal/d in the CREX group (betweengroup p < 0.0001). Corresponding EX frequencies in the EX and CREX groups were 8 ± 1 and 6 ± 1 sessions/week (p = 0.08), duration was 7.4 ± 0.5 and 4.4 ± 0.5 h/week (p = 0.0002), and intensity was 77 ± 1 % and 74 ± 1 % of maximum HR (p = 0.17). TEE increased in the EX (185 ± 53 kcal/d, p = 0.001) and CREX (126 ± 48 kcal/d, p = 0.01) groups and did not change in the CR group (−22 ± 51 kcal/d, p = 0.66) (among-group p = 0.02). VO 2 max increased in the CREX (11 ± 3 %, p = 0.0006) and EX (22 ± 3 %, p < 0.0001) groups and did not change in the CR group (−1 ± 3 %, p = 0.85) (among-group p < 0.0001). 
Weight loss and body composition
Weight loss was~7 % in all three study groups, with no difference (p = 0.43) among groups ( Fig. 1) , which was intended by study design. Fat mass decreased by~15 % with a tendency (p = 0.10) for greater reductions in the EX and CREX groups (Fig. 1) . Body weight did not change during the 2-week weight stability period at the end of the intervention (all p ≥ 0.28).
Oral glucose tolerance test
As previously reported [5] , ISI increased 2-fold more in response to the CREX intervention than it did in response to similar weight loss induced by CR alone or EX alone (Fig. 1 ). There was a tendency for greater reductions in OGTT glucose AUC in the CREX group (among-group p = 0.12). OGTT insulin AUC decreased 22 % (p < 0.0001) with no difference among groups (p = 0.94) (Fig. 1) .
Changes in GLP-1 OGTT incretin hormone responses have been previously reported in detail [5] . In brief, GLP-1 AUC decreased in the CR group only (within-group p = 0.04; among-group p = 0.05). GIP AUC tended to decrease with all groups combined (p = 0.06), with no differences among groups (p = 0.76). DPP-IV did not change in any group (all p ≥ 0.19).
Serum cytokines
Leptin concentrations decreased significantly with all groups combined; however, the decrease was 2-fold to 3-fold greater in the EX and CREX groups compared to the CR group (Table 2) . Total and HMW adiponectin concentrations decreased in the CREX group only (p = 0.04 and p = 0.008, respectively), but the among-group comparison of changes was not significant (p = 0.07 and p = 0.18, respectively). No change was observed for MCP-1 and the reductions in CRP were only marginally significant within all groups combined (p = 0.06, Table 2 ). Pentraxin-3 increased in all three groups (~30 % with all groups combined, p < 0.0001), with no difference among groups (p = 0.62). Changes in sTNFR1 concentrations differed among groups (p = 0.04) with a 6 % increase in the EX group (p = 0.05), a non-significant 5 % decrease in the CR group (p = 0.10) and no change (p = 0.74) in the CREX group.
Baseline associations between cytokine concentrations and glucoregulation
At baseline, higher values for ISI and lower values for OGTT insulin AUC were associated with higher serum concentrations of HMW adiponectin and the HMW:total adiponectin ratio (Table 3) . A negative association existed between insulin AUC and total adiponectin, and a positive association existed between OGTT glucose AUC and pentraxin-3. All of these associations remained significant after accounting for variability in baseline BMI, except for the association between Stumvoll ISI and adiponectin ratio, which became non-significant (p = 0.08). No other associations were observed between cytokines or incretin hormones and indices of glucoregulation at baseline (Table 3) .
Associations between changes in cytokine concentrations and changes in glucoregulation
Weight loss-induced increases in the Masuda and DeFronzo ISI were associated with decreases in serum leptin, decreases in HMW adiponectin, and increases in serum pentraxin-3 (Table 4 ). These associations remained significant after accounting for changes in BMI and fat mass. None of the changes in cytokine concentrations were Values are least squares means ± SE that have been adjusted for differences in baseline values among groups. p-values reflect the significance of the among-group differences in change values after adjustment for baseline values using ANCOVA. For each outcome, means with unlike superscripts are significantly different (p < 0.05). These data have been presented previously [5] , but are included in the present report to assist in interpreting the cytokine data Values are arithmetic means ± SE except for group-specific change values, which are least squares means ± SE that have been adjusted for differences in baseline values among groups. Means within each row with unlike superscripts are significantly different (p < 0.05). Statistical analyses and p-values were based on transformed data (log or power transformations, as appropriate for each analyte) to normalize data distributions and ensure homogeneity of variances. Among-group p-values reflect the significance of the among-group differences in change values after adjustment for baseline values using ANCOVA. Exclusion of two participants who had changes in anti-inflammatory medications altered the significance of the results as follows: the among-group comparison of sTNFR changes became non-significant (p = 0.07) and the within-group sTNFR change in the EX group became non-significant (p = 0.10); the within-group change in CRP in the EX group became significant (p = 0.04); the significance of all other results was unaffected associated with changes in Stumvoll ISI or with changes in the OGTT insulin and glucose AUCs (Table 4) . Because insulin and leptin increase the expression of adiponectin [19] , we evaluated the correlation between changes in these analytes and adiponectin. Reductions in leptin were associated with reductions in HMW adiponectin (r = 0.36, p = 0.01) and the HMW-to-total adiponectin ratio (r = 0.29, p = 0.04), but not with total adiponectin (r = 0.11, p = 0.46). Fasting insulin and insulin AUC were not correlated with any measures of adiponectin (all p > 0.23). Changes in incretin hormones (GLP-1 and GIP) from the OGTT and DPP-IV have been reported previously [5] ; however, their associations with changes in insulin sensitivity were not previously reported. Weight loss-induced decreases in GIP AUC from the OGTT were associated with increases in insulin sensitivity and decreases in OGTT glucose and insulin (Table 4) . Changes in GLP-1 and DPP-IV were not associated with changes in insulin sensitivity or other OGTT outcomes.
A multivariate regression analysis including changes in leptin, HMW adiponectin, pentraxin-3, and GIP AUC as independent variables indicated that all four were significant independent predictors of the improvements in insulin sensitivity. Change in pentraxin-3 was the single strongest predictor and entered the model first, followed by leptin, GIP AUC, and HMW adiponectin ( Table 5 ). The full model accounted for 63 % of the variance in ISI improvements (p < 0.0001).
Discussion
The objectives of the present study were to evaluate the effects of modest weight loss on circulating cytokines, to compare the responses to matched weight loss from CR and/or EX interventions, and to evaluate associations between changes in circulating cytokines and changes in indices of glucoregulation. Weight loss reduced serum leptin concentrations in all groups in a manner that was correlated with improvements in insulin sensitivity. However, the reductions in leptin were 2-fold to 3-fold greater in the EX and CREX groups, suggesting that EX has additive Values are Pearson correlation coefficients, with p-values in parentheses. Bold font indicates significant correlations based on p ≤ 0.05. Analyses were performed on transformed data (log or power transformations, as appropriate for each variable) to normalize data distributions effects to those from CR. It also suggests that adipose tissue perceived a larger energy deficit in the EX and CREX groups, even though weight losses were matched. HMW adiponectin concentrations decreased, which is opposite to that which occurs with weight loss in obesity [20, 21] , and these reductions were associated with improvements in insulin sensitivity. Although the among-group comparisons of changes in HMW adiponectin were not significant (p = 0.18), the reductions appeared to be mainly driven by the CREX group (p = 0.008), which suggests additive effects of CR and EX. Large, significant increases in pentraxin-3 were observed, with no difference among groups (p = 0.62); these increases were associated with improvements in insulin sensitivity. In a multiple regression Regression analysis was performed using a forward selection approach, only including cytokines that were significant predictors of changes in insulin sensitivity, based on bivariate correlations as shown in Table 4 . Analyses were performed on transformed data (log or power transformations, as appropriate for each variable) to normalize data distributions analysis, weight loss-induced changes in serum leptin, HMW adiponectin, and pentraxin-3, combined with the changes in GIP concentrations from our previous report [5] , accounted for 63 % of the variability in insulin sensitivity improvements. At baseline, higher HMW adiponectin concentrations were associated with greater insulin sensitivity and lower insulin AUC. However, HMW adiponectin concentrations decreased in response to weight loss in a manner that was correlated with improvements in insulin action. This finding in our overweight study participants was unexpected because in obese individuals adiponectin concentrations increase with weight loss [20] [21] [22] and because adiponectin enhances insulin action on skeletal muscle [9] and liver [10] . However, some studies have reported no change in adiponectin levels despite improvements in glucoregulation [23] [24] [25] . Furthermore, in healthy weight subjects, adiponectin decreases with weight loss [26] and increases with weight gain [27] , which is consistent with our findings.
Findings from our study and previous studies suggest that weight loss-induced changes in adiponectin may depend on the degree of adiposity present at baseline. In obesity, adipose tissue adiponectin secretion is suppressed [28] , resulting in hypoadiponectinemia and insulin resistance. Then, with weight loss, adiponectin secretion increases [20, 21] and consequently improves insulin sensitivity [22] . Although speculative, we propose that in nonobese individuals, adiponectin secretion is not inhibited and can be secreted in sufficient quantities to compensate for insulin resistance. Then, during weight loss insulin sensitivity improves through mechanisms that do not involve adiponectin, which "permits" reductions in adiponectin. Because leptin and insulin increase adiponectin expression [19, 27] , reductions in these hormones with weight loss (as was observed in the present study) may be partly responsible for the decrease in HMW adiponectin. From a broader perspective, it may be biologically prudent to minimize circulating adiponectin concentrations, provided that insulin sensitivity is adequate, because elevated adiponectin concentrations have been consistently associated with earlier mortality [29] [30] [31] [32] . Therefore, improvements in insulin sensitivity paired with reductions in adiponectin, as was observed in our study, might be viewed as an optimal adaptation.
Another important finding from the present study is that pentraxin-3 concentrations increased with weight loss in a manner that correlated with improvements in insulin sensitivity. Furthermore, pentraxin-3 was the strongest predictor of the improvement in insulin sensitivity when compared to the other significant predictors of ISI (i.e., GIP AUC, leptin, and HMW adiponectin). Although pentraxin-3 has been reported to have both pro-inflammatory and antiinflammatory effects [33] , our finding suggests that it had beneficial effects on insulin action in our subjects. Crosssectional studies have reported low pentraxin-3 concentrations with increasing adiposity [12, 34, 35] and insulin resistance [35] , and in agreement with our findings other studies showed that weight loss increases pentraxin-3 concentrations [12, 36] . However, to our knowledge, ours is the only study to evaluate the association between pentraxin-3 and insulin sensitivity in response to weight loss. Additional research is needed to determine if pentraxin-3 is mechanistically linked with insulin sensitivity.
Two inflammatory markers showed little or no change with weight loss. A marginally significant decrease in CRP concentrations was observed (p = 0.06). This finding is similar to what we previously observed in non-obese individuals undergoing weight loss [37] . We also measured serum levels of MCP-1, which has been mechanistically linked with propagating adipose tissue inflammation by recruiting macrophages [38] . However, no changes were observed. Neither the changes in changes in CRP or MCP-1 were associated with changes in insulin sensitivity. These findings are consistent with the notion that our participants did not have chronic inflammation at baseline and that the improvements in insulin sensitivity may not have been mediated by reductions in inflammation.
We previously measured serum concentrations of TNFα in response to modest weight loss in non-obese adults and found no change [39] . However, TNFα concentrations are very low (~1 pg/mL) and subject to diurnal variation [40] , which raises the possibility that measurement error may have masked modest changes. Therefore, we measured sTNFR1 as a more abundant (~1 ng/mL) and stable indicator of TNF system activity. Small and opposing effects were observed in response to CR (5 % decrease) and EX (6 % increase), with no change in the CREX group. These findings are suggestive of opposing effects of CR and EX on TNF system activity.
This study has limitations. First, although circulating cytokines have important physiologic roles, they do not necessarily reflect tissue concentrations. This is especially important in light of the autocrine and paracrine roles of many cytokines. Therefore, future studies are needed in which adipose, muscle, and other tissues are analyzed for cytokine content. Another limitation is that we did not include normal weight and obese subjects, which would have allowed us to determine more definitively whether these populations have different HMW adiponectin responses to weight loss. Lastly, to eliminate the potentially confounding effects of negative energy balance on the outcomes [41] , we included a weight stability (i.e., energy balance) period of ≥2 weeks after weight loss and prior to follow-up testing. To our knowledge, the time course of changes in insulin sensitivity and cytokines during weight stability after weight loss is not known. Therefore, it is possible that this time frame may not have been sufficient for the outcome measures to stabilize after active weight loss. Other studies have used weight stability periods of 5 days [42, 43] , 2 weeks [23, 24] , or 4 weeks [44] or did not describe a weight stability period [26, 45] .
In conclusion, modest weight loss in overweight and sedentary women and men decreased circulating concentrations of leptin and HMW adiponectin, and increased pentraxin-3. All of these changes were correlated with improvements in insulin sensitivity. Additionally, EX had additive effects to those from CR for reductions in leptin and possibly HMW adiponectin, even in the absence of greater weight loss. Finally, CR and matched weight loss induced by EX had opposite effects on sTNFR1, as an indicator of TNF system activation. Taken together, these findings provide novel insights about changes in circulating cytokines that may contribute to improvements in insulin sensitivity in overweight men and women undergoing weight loss. The findings also indicate that CR and EX training may each have unique beneficial effects, as evidence by differential effects on leptin, HMW adiponectin, and sTNFR1. Thus, modest weight loss using both CR and EX should be encouraged for overweight women and men for the purpose of improving insulin sensitivity and potentially decreasing type 2 diabetes risk.
